The X-band behaviour of a seven-section parallel-coupled microstrip band pass filter and microstripline due to thin-film A1203 overlay of different thickness is reported in this paper. This AI20 film can give a homogeneous overlay structure. There is a substantial increase in the bandwidth due to the overlay, the pass band extending towards higher frequency side. In most of the cases, an increase in the pass band transmittance of a microstripline also increases due to a thin-film AI20 overlay, especially for frequencies less than 9.0 GHz. At higher frequencies, random variations are observed. It is felt that thin-film overlays can be used to modify the microstripline circuit properties, thereby avoiding costly and time consuming elaborate design procedures.
INTRODUCTION
The need for less dispersion as well as greater coupling and resolution characteristics have lead to the study of bulk overlay [1] [2] [3] [4] microstrip structures. The stuck-on feature of bulk overlay is not desirable in applications involving environments like space, avionics, etc. Thick-film overlay [5] [6] [7] provides a better alternative to bulk overlay but the thin-film overlay process is most compatible with the MIC's manufacturing process. The studies on use of thin film as an overlay on microstripline circuits are very limited8-11. Thin-film A1203 overlay structures can give a homogeneous overlay, i.e., overlay material and substrate material are the same. This paper reports the effect of thin-film AI203 of different thickness on the characteristics of a seven-section parallel-coupled microstrip band pass filter and simple microstripline. There is a need for compact band pass filters with broad bandwidth characteristics. Since coupling takes place for nearly half figure 1 ) and most of the microstripline. The microwave transmittance was measured point by point using a setup consisting of an X-band signal generator, directional coupler, and rf detector. As already reported7, the point to point measurements are within an error of 0.5 dB compared to network analyzer readings. The thickness of the overlay was gradually increased by repeated deposition, the microwave measurement being taken after each thickness increment. Figure 2 shows the plot of frequency vs transmittance of the seven-section band pass filter. Some representative overlay thicknesses are compared with, "without overlay" situation. The behavior of the bandwidth, transmittance at midband, and 3db down region due to thickness of the thin-film A1203 overlay is given in figure 3 . From figure 2, it is seen that, as expected, the filter without overlay has a bandwidth of 600 MHz (9.2-9.8 GHz) with almost flat response in this region.
RESULTS
Beyond this there is a gradual fall on both sides, though the transmittance goes to zero around 8.8 GHz and 10.2 GHz. This might be due to fabrication tolerances and due to the fact that end effect correction were not made in the design. No post manufacture trimming was also undertaken. Our idea was to see the feasibility of effecting these corrections by means of a thin-film overlay.
With overlay of thin-film A1203, the shape of the filter response remains almost same with increasing bandwidth, i.e., in most of the cases, pass band extends to the higher frequency side. An increase in transmittance at pass band is also observed. Due to the overlay, some ripples are produced in the pass band region.
From figure 3 , it is seen that for thicknesses of the overlay of 0. . . circuits. The fields associated with the dominant mode would interact with the overlay thereby changing the transmission characteristics of the circuits. The higher-order modes with their fields spread over the circuit might also be suppressed resulting in an increased transmission coefficient probably due to reduction in radiation loss. If all the spurious modes were suppressed, then one would expect a dispersionless output for the microstripline. Our results show ( figure   4 ) that for some thickness of overlay the dispersion has increased. For higher thickness of overlay > 1.4 pm especially for higher frequency, the reflection coefficient also decreases (Table 1) along with an increase in transmission coefficient indicating an improvement in impedance matching. The extent of interaction of the overlay material with the fields above the microstripline seems to be highly dependent on the frequency and thickness of the thin-film overlay while some additional dielectric related surface modes are introduced.
The bandwidth of the parallel-coupled filter is sensitive to changes in the coupling especially of the first and last coupling structure. Since the overlay is in the thin film form, it will be deposited uniformly in between the coupling structures as well as over the conductor structures of the filter. The overlay might be changing the impedance of the coupling structures. The thickness of the conductor is -4 m, whereas maximum overlay thickness is ---1.7 pm. That means between the two parallel-coupled resonating structures, there is a discontinuity in the dielectric medium causing changes in the impedances of the circuit. This might cause change in the pass band of the filter. Also although the physical lengths remain the same, the guide wavelength might be changing because of the addition of dielectric material in between the coupling region. Our XRD and dielectric constant of data of both substrate and thin-film A1203 shows a weak crystalline order for electron beam deposited A1203 with a dielectric constant of -7.2, whereas the alumina substrate is highly polycrystalline having a dielectric constant of 10 
CONCLUSION
It is felt that thin-film overlays even in the 1000 ] range can be used to modify or improve the properties of microstripline circuits. Use of a homogeneous overlay simplifies the design procedures, as the dielectrics above and below the circuit are the same. The variations in the properties of the band pass filter by changing the number of coupling structures and overlaying with a wide range o thickness o A1203 from thin film to pellet needs to be studied in detail both experimentally and theoretically. It is felt that some particular thickness and particular materials, when used as overlay over the circuits, will enable one to achieve highly accurate properties without costly, time consuming design procedures.
